T HE Dormont High School (Pittsburgh, Pennsylvania) follow-up study has measured the relationship between certain physiological and social characteristics of 15-19 year-old high school students initially evaluated between 1957 and 1963 and the subsequent levels of risk factors approximately 17 years later.
Epidemiological studies have recently focused on the distribution and determinants of risk factors in children. 1 The pioneering studies of the distribution of risk factors in children were done in Tecumseh, Michigan. 1 The entire population in that community was carefully studied; strong familial aggregation of risk factors was reported. The correlation of risk factor change with body weight and obesity was also noted. 8 Community surveys, usually based on school aged populations, have increased during the 1970s. The distribution of total serum cholesterol, lipoproteins, and blood pressure (BP) have been reported from several communities. 1 -8 More recent studies of children 8 have noted that the distribution of lipoprotein cholesterol changes with age. The changes in total serum cholesterol with age may be a function, therefore, of the interaction of age and lipoprotein cholesterol fractions.
The determinants of the distribution of risk factors in children have primarily emphasized anthropometric measurements, such as height and weight, 8 -7 skeletal maturation, and genetic or familial aggregation. 8 -9 A study of high school students in Washington, D.C., 10 reported a strong association between weight and SBP in four race and sex groups. At least part of the variation in BP by race and social class was apparently determined by the variation in the prevalence of obesity by both race and social class. The Bogalusa study 11 has suggested that the BP increase with age correlates best with height rather than with weight or chronological age. These three variables are obviously correlated. Other investigators 12 -lt have suggested that BP distribution may be correlated with skeletal maturation as measured by x-rays of the wrist.
The genetic contributions to the distribution of risk factors in children have been evaluated in several ways. A significant correlation of risk factors among family members has been emphasized; 2 persisted after adjusting for the determinants of risk factors such as height, weight, and age. 14 There is also a high correlation of risk factors among monozygotic as compared to dizygotic twins. 15 The familial correlation of risk factors is much greater among natural than adopted siblings. 18 Changes in risk factors with age and the determinants of change have been an important area for epidemiological investigation. One hypothesis is that the risk factors track over time, i.e., an individual with a high level of risk factor at a specific age will continue to have a high level of that risk factor at subsequent ages. If risk factors did track over time, then it would be possible to identify high risk individuals at an early age. Tracking may be related either to the genetic determinants of the risk factors or to the consistency of the environmental and social determinants of the risk factors over time.
Results of longitudinal studies confirm that there is a relationship between obesity in childhood and in adult life. 17 The BP levels may be related to obesity at both ages. The tracking of BP could therefore be a function of the tracking of obesity. The correlation between BP at 1 month of age and BP measurement of siblings and parents have been reported in at least one study. 18 Tracking of BP has also been noted from 6 months of age. 19 The correlation coefficients between BP measured at two points in time, ages 2 to 7 years in the same individuals, are generally higher than the correlation coefficient between the index child and sibling or parent. The correlation coefficient between two measurements such as BP is also directly related to the length of time between the two measurements™ and may vary directly with the age of the individual at the time of the initial measurement. 31 Changes in the mean level of risk factors with age have generally been determined from cross-sectional rather than longitudinal studies. Longitudinal studies have usually been limited to adults or to young children. Several current studies of children do have a longitudinal component, including those of Tecumseh, Michigan 8 and Wales 21 with limited longitudinal data in children, adolescents, and adults. Several occupational studies have also reported longitudinal changes in BP with age, but such studies are limited to adults."
The cross-sectional studies like the National Health Examination Survey 2 * have noted that the greatest increment in weight for men occurs between 18 and 24 years of age, and 25 to 34 years of age. For women, on the other hand, the greatest increment in weight occurs in the older age group, 45 years plus. The SBP increases during childhood and adolescence, but apparently changes relatively little during adolescence and young adult life; 2* it then begins to increase substantially with age, however. The DBP, on the other hand, increases both during childhood and adolescence and into middle life. The rate of increase with age decreases substantially after 55 years of age.
There have been few studies that have actively followed individuals between adolescence and young adult life. The Tecumseh' and Evans County Study 24 have followed population samples in the United States. A similar study has been carried out in Wales. 21 Follow-up studies of former military pilots in both the United States" and Canada 27 have also been reported. The purpose of this study is to identify predictors of high BP in young adults and to determine if the BP of young adults is related to measurements obtained 17 years earlier during adolescence.
Methods

Subjects
The Dormont High School cohort consists of 1212 white middle-class suburban high school students. The students had initially been examined by Dr. Kenneth Rogers and school nurse, G. Reese, between 1957 and 1963. 28 Results of the detailed examinations in high school served as the baseline data for the follow-up studies. Some students had more than one examination. The last examination in high school was used as the baseline for further analysis. An attempt was made to locate all of the original 1212 students. Methods used to find the students included: a review of high school records, telephone and metropolitan household directories, Department of Motor Vehicle registration, information from marriage license bureaus, address lists from class reunions, and newspaper publicity. Of the original 1212 students, 1079 or 89% were located (fig. 1) ; 525 (49%) of those located still lived in the Pittsburgh area. These 525 Pittsburgh participants were sent letters informing them of the current Dormont study and asking them to come to the clinic for an examination. Each letter was then followed with a telephone call by one of the co-investigators of the original study. As a result, 373 (71%) had a clinical examination, and of the 152 who refused or could not attend the clinic, 104 (68%) completed a questionnaire about their current health status, height, weight, medical treatment, and current social and demographic information ( fig. 1) .
A random sample of the 540 individuals who had moved from the Pittsburgh area was then sent the same questionnaire, stratified by year of graduation and sex. Of the 100 questionnaires sent out, 91 were answered, but two of the respondents had been misclassified and were excluded from the analysis.
The distribution of several baseline and follow-up characteristics was then compared among those examined in the clinic, local refusals, and migrants. The baseline characteristics of the three groups were remarkably similar, including age at baseline examination, pulse, blood pressure, height, weight. The follow-up data suggested that those who came into the clinic weighed more, especially the men, but it is obviously difficult to compare reported weight with weight measured in the clinic. The major difference in the three groups was in their current type of employment and amount of education completed. Those who migrated out of Pittsburgh, especially men, had completed more years of school and were in more professional types of employment. 
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Protocol
Initial Examination
The original high school examination (between 1957 and 1963) was very detailed and took about 45 minutes." All observations were made by one school physician (KR) and one nurse (GR). A special effort was made to standardize the examinations. The pupils were weighed in underclothes on a balance beam scale. Height was measured in bare feet. Resting pulse per minute was determined by counting the radial pulse for 15 seconds and multiplying by 4. A single BP was measured with the student in a sitting position. All BPs were determined by one observer. There was a substantial amount of digit preference associated with the BP measurement, 69% final zeros and 16% final fives.
Follow-Up Study
Follow-up clinic examinations were completed in several centers in close proximity to the participants' homes. Physical measurements of height, weight, and BP were obtained; weight was recorded to the nearest 1 lb, height to the closest 14 in., with subjects in bare feet; and fasting blood samples were analyzed for serum cholesterol and glucose levels. All BP observers had been trained and certified previously according to the protocol used in the Multiple Risk Factor Intervention Trial. They took three BP readings with the subject in a sitting position prior to the venipuncture; using the same protocol, a different observer took an additional three readings at the end of the clinical examination. The first BP measurement of the three by both observers averaged about 1 mm Hg higher than the other two measurements. There was no significant difference in the readings between the two observers of the same subject. The second and third readings of each observer for the same subject were then averaged as the follow-up BP.
The relationships of weight, age, and height were analyzed in a variety of ways. Baseline relative weight was calculated as 0.9 times the age and height specific weight of boys and girls as reported from the National Health Examination Survey of 1966 and 1970. Current relative weight was calculated at 0.9 times the height specific average and weight of men and women aged 18-34 years as determined from the National Health Examination Survey of 1960 and 1962. Body mass ratio (BMR) was calculated as the weight in kilograms divided by the height in meters. The body mass index (BMI) was calculated as the weight in kilograms divided by the height in meters squared, and the height-weight index as the weight in kilograms divided by the height in meters cubed.
Results
The means of selected baseline variables are shown in table 1. Boys had a higher SBP than girls and weighed about 2 lbs more in high school; however, baseline weight-height indices and relative weights were similar. The DBPs were similar, but girls had faster pulses than boys. At the follow-up examination (table 1) approximately 17 years later, the men had higher BP than the women and weighed about 40 lbs more. They were more obese by several weight-height indices.
The SBP for men had increased approximately 4 mm Hg and the DBP 11 mm Hg during the 17-year follow-up. Surprisingly, in the women, the SBP had decreased about 4 mm Hg and the DBP increased only 4 mm Hg. (Five men and seven women were reported to be taking medication for the treatment of hypertension; these 12 subjects are included in the analyses, as the results were similar with or without them.) The BP changes between adolescence and young adult life are therefore quite different for SBP compared to DBP and for men compared to women.
On the average the men had gained 37 lbs but had only grown 1 inch, while the women had a much smaller height and weight increase. Based on the various weight-height indices, the men had become fatter as compared to the women. The SBP in high school was significantly correlated with the DBP, pulse, weight, and height-weight indices for both boys and girls (table 2). The DBP was also correlated with the two weight indices in girls but not boys. The lower correlations for DBP may be a function of the initial difficulty of measuring it in students while in school, therefore generating a greater measurement error as compared to SBP; this greater error could mean a lower correlation of BP over time. Height is not related to either the SBP or DBP at mean age 17. Previous studies have noted a relationship between height and BP in younger children where height is probably a measure of biological rather than chronological age.
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The follow-up SBP and DBP were also significantly correlated with weight-height indices in both men and women (table 2) . Again, pulse was positively correlated with both the SBP and DBP.
The distribution of weight changes between the high school and follow-up examinations is shown in figures 2 and 3. The mean weight gain for the boys was 37.2 ± 1.6 lbs, and for girls only 16.7 ± 1.7 lbs. Since the boys had grown about 1 inch, some of the weight gain was obviously related to increase in lean body mass, but much of it was probably fat. Weight, height, and weight-height indices were also highly correlated between high school and current age (table 3) . Weight change was not correlated with any high school characteristic in girls but was inversely correlated with weight and with weight-height indices in boys. This was probably due to an increase in weight and height for some of the boys who were not fully grown at the time of their high school examination. For example, in high school there were seven boys in the lower fifth percentile for both height and weight; during the 17-year follow-up, they had averaged a 53-lb weight gain and 3.8 inches in height.
The high school and follow-up SBP and to a lesser degree DBP were significantly correlated (table 4). The correlation coefficients are very similar to those reported in other long-term follow-up studies (table 5) . Only the Evans County and Wales studies, however, included follow-up between adolescence and young adult life.
The changes in both the SBP and DBP were significantly and negatively correlated with the high school BP. This has been noted in other studies and is an example of regression to the mean. The relationship between weight change, follow-up BP, and change in BP was evaluated. Weight change was directly related to the follow-up levels of DBP in men and with both the SBP and DBP in women (table 6) .
At follow-up, 28 men and 11 women were classified as hypertensives by either having a current DBP equal or greater than 90 or being on antihypertensive therapy. These hypertensives were matched with two normotensives of a similar age and SBP in high school. Although all had weighed approximately the same in high school, the hypertensive males were currently 8 lbs heavier and women 18 lbs heavier thai! their controls; in the interim, the men had gained approximately 8 lbs and women 15 lbs compared to the controls, and both had a faster pulse than the controls.
Another way to study the consistency of BP measurements over time is to rank the children by BP level from high to low and then determine the consistency of the ranking over time. The boys with the highest SBP, approximately 10% (18) , and lowest 10% (18), were evaluated as adults (table 7) . Of the 18 in the upper 10%, three were still in the upper 10% as adults, and eight in the top 20%. Of the boys in the Illl... lowest 10%, six were in the lowest 10% as adults and 13 in the lowest 20%. Only one of the boys in the lowest 10% had an adult BP in the upper 50%. The girls' results were similar. Several linear regression models were fit to the follow-up data. In all cases, a forward step-wise inclusion method was used, with the critical level of the partial F-test for inclusion set widely at 0.25. Separate regression equations were fit for men and women and for SBP and DBP.
Initially, only the weight measurements were considered as potential independent variables in the model for follow-up SBP and DBP. The regression equations for men were: follow-up SBP = 111.7 + 0.07 current weight (r 2 = 0.04); and follow-up DBP = 67.1 + 0.07 current weight (r* = 0.06). For women, the models were also relatively poor BP predictors: follow-up SBP = 10.24 + 0.14 weight change + 0.05 weight in high school (r 1 = 0.09); and follow-up DBP = 72.0 + 0.08 weight change (r 2 = 0.06). In men BP is best correlated with current weight and in women with weight gain. But none of these linear relations alone explains even as much as 10% of the variation in follow-up BP.
High school BP was added as an independent variable, with the resulting equations for men: followup SBP = 67.4 + 0.46 high school SBP + 0.07 weight change (j 3 = 0.21); and follow-up DBP = 38.5 + 0.24 high school SBP + 0.10 weight change + 0.14 high school DBP (r* = 0.17). For women the equations were: follow-up SBP = 59.5 + 0.43 SBP in high school + 0.14 weight change (r 1 = 0.21); and follow-up DBP = 48.8 + 0.08 weight change + 0.14 SBP in high school + 0.10 high school DBP (r 1 = 0.13).
The high school SBP appeared as a strong predictor of follow-up SBP and DBP for both men and women. Also, weight change is now consistently selected across sex as the best weight measure for prediction of current BP when known in conjunction with high school BP. The percent of variation explained by these models is at least twice that of the weight-alone models, in all cases. The addition of other variables to the equation did not improve the prediction greatly. Discussion The relative contribution of genetic and environmental variables as determinants of the distribution of cardiovascular risk factors, especially BP, cholesterol, and sugar, is still debatable. It is becoming increasingly clear that there is an important genetic component. An individual with a DBP of 95 mm Hg could either come from a "hypertensive family" or be fat and consume too much salt, or both. The concept of tracking of risk factors over time has intrigued epidemiologists both as a measure of the genetic-environmental interaction and as a way of identifying high-risk individuals. Most tracking studies have been of children followed for a relatively short period of time and of adults participating in prospective studies. Relatively few studies have The results of this study are consistent with those previously reported from Evans County in a smaller subsample.* 3 There is a significant correlation between BP measures repeated over time. Weight or other measures of obesity were positively correlated with BP in both adolescence and young adult life. The increase in BP over time was related to the weight gain.
The data are also consistent with the cross-sectional studies from the National Health Examination Surveys. The DBP increased more than the SBP and increased more in men than women. The relationship between BP, pulse, and weight has also been noted in other studies of children and adults. 10 -"• " A simple solution to this problem would be to hypothesize that obesity during childhood, at least as measured by weight-height indices and weight change during young adult life, was the cause. Weight reduction has been considered as an alternate to the pharmacological approach to the treatment of hypertension. Weight and weight change are obviously functions of caloric intake. The caloric intake consists of fat, carbohydrate, and protein. Salt intake is also related to caloric intake. It is unlikely that many people gain weight by increasing carbohydrate or protein calories alone. The increase in salt in the diet may be the culprit, rather than the total calories or the consequential obesity or weight change. The increase in weight may also be related to decrease in energy expenditure rather than caloric intake.
The relationship between weight, height, chronological age, and both somatic and sexual maturation and BP are complex. Height, weight, age, and BP are relatively easy to measure. The determinants of sexual maturation, as measured by either physical characteristics 13 -3 * or hormonal levels, and somatic maturation as determined by such things as x-rays of the wrist bone epiphyses, 1113 are obviously more difficult and therefore less frequently reported. An increased BP in a child at a specific age, especially during adolescence, may be a function of increasing weight or height or more rapid sexual or somatic maturation as compared to another child of the same chronological age. The classification of such a child as being in the upper end of the BP distribution or potentially hypertensive may therefore be spurious. Obesity or at least fatness is apparently associated with an earlier age of menarche in girls." However, girls with an earlier age menarche are not necessarily taller or fatter than girls with a later age menarche. Boys also mature at different rates; even at 17 years of age, some were still growing and added up to 4 inches in height and over 50 lbs in weight in the next 17 years. Clearly, these immature small boys with relatively low BP may not necessarily be immune to subsequent elevation of BP as they further mature. Better measures of both sexual and somatic maturation should probably be used when comparing the distribution of BP, especially around adolescence.
Nutritional changes in these children that may result in weight loss may certainly decrease the BP. Such changes could conceivably modify the rate of maturation of such children, however, and could conceivably result in further subsequent weight gain at a later age.
There is little question that short-term weight loss results in a decreased BP. The long-term consequences of weight loss are more difficult to evaluate because it has been extremely difficult to maintain a substantial weight loss over a long period of time, and because few studies have followed these cohorts for more than a few years.
This study clearly demonstrates that BP tracks over time. The best predictor of the current level of BP of an individual is previous BP measurements including those done many years previously. These results are similar to those reported in other BP studies of both adults and children. That tracking occurs from adolescence through early adult life, in spite of the rapid weight change, probably strengthens the relationship between BP in late childhood and adult life. Remarkably, in spite of the single BP measurement done in high school and the noted marked digit preference of the original Dormont BP measurements, the tracking persists and the correlations are similar to those reported for adults followed for the same period of time. No doubt, future studies with multiple measurements taken in a more standardized way will find even higher correlations between adolescence and adult life; however, we will probably have to wait another 10 years before such studies can compare the BP in children and their subsequent adult BP. To date, however, in spite of the strong correlation between BP in children and subsequent adult levels, the relationship is definitely not strong enough to clearly identify the children who are going to be hypertensive adults. We can certainly identify a high-risk group, but it is doubtful whether one should recommend specific pharmacological therapy for this group, although certainly tests of risk factor modification, i.e., weight reduction, salt restriction, and perhaps behavioral modification, might be indicated to prevent subsequent hypertensive disease.
